The present study involved the karyotypic analysis of Pimelodus argenteus, P. mysteriosus and P. maculatus, from the the Paraguai River, in the municipality of Corumbá-MS/Brazil. All the species had a diploid number of 56 chromosomes with differences in the karyotypic formulae. In P. argenteus, there was a secondary constriction, quite conspicuous in one of the homologous chromosomes. NOR staining was observed on one pair of ST chromosomes at the terminal position in the three species, in which it was localized on short arm in P. argenteus and P. mysteriosus and on long arm in P. maculatus. In P. argenteus and P. mysteriosus, C-banding showed heterochromatin distributed homogeneously in various chromosomes of the complement, mainly in telomeric regions. In P. maculatus, heterochromatic staining was found to be very evident in one pair chromosomes with strong interstitial staining. The fluorochrome CMA 3 stained in P. argenteus and P. mysteriosus only the NOR-bearing pair of chromosomes. In P. maculatus, fluorescent staining was observed in various chromosomes in addition to the NOR pair, including one pair with interstitial staining. Treatment with BCϩCMA 3 produced in P. argenteus and P. mysteriosus a much more fluorescent staining of the pair of NOR-bearing chromosomes, mainly in P. argenteus, along with weak staining of other chromosomes. In P. maculatus, fluorescent staining was much brighter after this treatment. Key words Pimelodus, Karyotype, Heterochromatin, AgNOR, CMA 3
The Pantanal is an extensive sedimentary plain, situated in the Central-West region of Brazil (Vila da Silva 1995). It is well known for its landscape of rivers, channels and runoffs, its large permanent lakes and innumerable temporary lakes, and its flooding which occurs almost every year, which transforms the fields into an immense inundated area, influencing both terrestrial and aquatic biotypes within a yearly cycle (Fabichak 1978) . The main river of the Pantanal is the Paraguai, which is originated on the slopes of the Parecis Mountains and snakes practically over all of this region (Carvalho 1986 ).
The Pantanal is the biome in Brazil with the greatest diversity in terms of the concentration of fauna, with an amazing number of individuals of different species, terrestrial as well as aquatic. This expression is not so evident in terms of diversity and endemism, but rather by the abundance of some populations (Brown Jr. 1986 ), among which the fish community in general stands out.
According to Britski et al. (1999) , a total of 263 species of fish are currently known to exist in the Pantanal, 105 of which belong to the Order Siluriformes, distributed among 10 families, with Pimelodidae being the most diversified. The genus Pimelodus is considered the most specious group within this family possessing approximately 27 species, which are distributed in the large hydrographic basins of South America, and of these, 5 occur in the Paraguai River basin (Britski et al. 1999 , Azpelicueta 1995 .
To our knowledge, there have not been any previous cytogenetic studies of species of the genus Pimelodus from the Rio Paraguai basin. Therefore, the aim of this investigation was to obtain cytogenetic information on 3 species of the genus Pimelodus originating from the Rio Paraguai, in the region of the Pantanal/MS.
Materials and methods
17 specimens (15 males, 2 females) of Pimelodus argenteus, 39 specimens (22 males, 17 females) of Pimelodus mysteriosus and 7 specimens (4 males, 3 females) of Pimelodus maculatus, from the Paraguai River, Corumbá-MS/Brazil, were analysed in the present study.
Mitotic chromosome preparations were obtained from kidney cells by the method direct according Bertollo et al. (1978) . Chromosome morphology was determined on the basis of arm ratio as proposed by Levan et al. (1964) . The fundamental number (FN) was determined considering metacentric (M), submetacentric (SM) and subtelocentric chromosomes (ST) as biarmed. Acrocentric (A) were considered as uniarmed.
NOR silver staining was perfomed using the method of Howell and Black (1980) . C-banding (CBG) were obtained using the method described by Sumner (1972) and chromomycin (CMA 3 ) staining as described by Schmid (1980) . A set of chromosome preparations were pretreated with Cbanding (CB) and stained in the dark with CMA 3 .
Results and discussion
The 3 species of Pimelodus studied here all had the same diploid number, 2nϭ56, with different karyotype formulas and a high fundamental number (FN): Pimelodus argenteus, 24Mϩ16SMϩ12STϩ4A with FNϭ108 (Fig. 1A) ; Pimelodus mysteriosus, 26Mϩ20SMϩ2STϩ8A with FNϭ104 (Fig. 2) ; and Pimelodus maculatus, 22Mϩ16SMϩ10STϩ8A with FNϭ104 (Fig. 3) . The presence of a secondary constriction was observed in all individuals and all cells of Pimelodus argenteus, which was very conspicuous in one of the homologous chromosomes (Fig. 1B) .
The diploid number of 2nϭ56 is quite conservative in the genus Pimelodus, where it occurs in practically all of the species of this genus, as evidenced in a cytogenetic survey conducted by Swarça et al. (2000) in the family Pimelodidae. More recently, Borin and Martins-Santos (2002) observed the same 2n in P. absconditus, P. ornatus and P. maculatus from the Paraná River basin, as did Souza (2003) in Pimelodus sp from the Iguaçu River and P. heraldoi from the Tibagi River. To date, only P. blochii from the Solimões River in Amazonas has been found to have a 2nϭ58 (Della-Rosa et al. 1980) , although Faria et al. (2000) in studying the same species from the Rio Araguaia in Mato Grosso found a diploid number of 56 chromosomes.
According to Oliveira and Gosztonyi (2000) , the diploid number of 56 chromosomes appears to be the base number for the Siluriformes, whereby the majority of the species of this group possess this modal diploid number. Therefore, as already suggested by Souza (2003) , the genus Pimelodus possesses this plesiomorphic character (primitive character). Despite the conservation in the number of chromosomes, the three species of Pimelodus from the Paraguai River show variation in karyotype formula, whereby P. mysteriosus possesses the most differentiated karyotype formula, even in relation to other species of Pimelodus from other populations, since it had only two subtelocentric chromosomes, a finding not previously observed in the genus Pimelodus.
Variations in karyotype formula are found in various species of the genus Pimelodus, including different individuals of the same species but of different populations. Such was the case with P. maculatus studied here, which had a karyotype formula of 22Mϩ16SMϩ 10STϩ8A, compared to the same species of other populations studied by Swarça et al. (2001) , Dias and Foresti (1993) , Vissotto et al. (1999) , Borin and Martins-Santos (2002) , who showed practically the same karyotype formula (20Mϩ20SMϩ10STϩ6A). Therefore, Pimelodus maculatus from the Paraguai River, appears to differ from all the other populations of this species, studied up till now. This could be due to the differences in the degree of chromosome condensation, or it could be related to chromosomal rearrangements, giving rise to structural polymorphisms, which have been established in this population from the Paraguai River.
The use of silver nitrate (AgNO 3 ) impregnation revealed the presence of one pair of ST chromosomes stained at the terminal position in the three species examined here. In Pimelodus argenteus and P. mysteriosus, stained regions occurred on the short arm (Figs. 1, 2 ), corresponding to a secondary constriction in the former species, while in P. maculatus NOR staining was localized on the long arm (Fig. 3) , which is the most commonly observed circumstance in this genus (Souza 2003 , Borin and Martins-Santos 2002 , and Swarça et al. 2001 .
However, P. ornatus from the Paraná River basin, in the Porto Rico region (Borin and MartinsSantos 2002) and P. blochii from the Araguaia River in Mato Grosso (Faria et al. 2000) , showed NOR staining on the short arm, as observed in P. mysteriosus and P. argenteus from the Paraguai River, demonstrating variability in the chromosomal localization of this region in the genus Pimelodus.
Using the technique of C-banding (CBG) showed in Pimelodus argenteus and P. mysteriosus heterochromatin distributed evenly in various chromosomes of the complement (Fig. 4A, B) , mainly at telomeric regions. One pair of chromosomes had terminal staining that was a little more accen- tuated in P. argenteus, which was probably the NOR-bearing pair (Fig. 4A) . In P. maculatus, heterochromatin was also distributed at the telomeres of various chromosomes, but was much more evident, in which there was one pair of chromosomes with strong interstitial staining (Fig. 4C) . The pattern of heterochromatin distribution in the 3 species was different in relation to the quantity and localization on the chromosomes, mainly in P. maculatus, emphasizing the importance of this type of chromosomal banding in the characterization of these species. The distribution of heterochromatin at the telomeric position is the most frequent situation observed in the genus Pimelodus. Meanwhile, the occurrence of interstitial heterochromatic staining in one pair of chromosomes has already been reported in P. absconditus (Borin and Martins-Santos 2002) , P. altipinnis (Souza et al. 2000) , and some populations of P. maculatus examined by Borin and Martins-Santos (2002) , Souza et al. (2000) , Vissotto et al. (1999) , Vasconcelos (1994) and here in the present work. Such reports suggest that this interstitial staining could be a characteristic of some species of the genus and missing in other populations, since in Pimelodus maculatus from the Tibagi River/PR and from the MogiGuaçu River/SP studied by Swarça et al. (2001) and Dias and Foresti (1993) , respectively, did not display this staining pattern. The presence of interstitial heterochromatin could have resulted from chromosomal rearrangements such as inversion, involving the terminal region which possesses the heterochromatic segment, during the process of karyotype diversification, as proposed also by Borin and Martins-Santos (2002) .
In Pimelodus argenteus and P. mysteriosus, treatment with the fluorochrome CMA 3 stained only the NOR-bearing pair of chromosomes (Fig. 5A, B) , whereas in P. maculatus fluorescent staining occurred not only at the NOR site but also on various chromosomes, including one pair with interstitial staining, similar to that observed with C-banding (Fig. 5C ). Therefore, besides the nucleolar chromosome pair being rich in GC bases in these species, the fluorescent staining of other chromosomes in P. maculatus also demonstrates that this species differs from the other two in the composition of its chromosomes. The majority of the chromosomes of P. maculatus show heterochromatin staining at the telomeres, demonstrating that some heterochromatic regions in this species are rich in GC bases. In P. maculatus from the Tibagi River/PR (Swarça et al. 2001) and from the Parana River (Borin and Martins-Santos 2002) , treatment with CMA 3 resulted in the staining of only the region corresponding to NOR, which differentiates these populations from that of the Paraguai River.
When the chromosomes of Pimelodus argenteus and P. mysteriosus were first submitted to Cbanding and then stained with CMA 3 (CBϩCMA 3 ), the pair of NOR-bearing chromosomes, which was the only one detected by CMA 3 , appeared brighter, mainly in P. argenteus, with other chromosomes showing weak fluorescent staining at the terminal position (Fig. 6A, B) , which was not seen when stained with CMA 3 alone. In P. maculatus, successive treatment with C-banding and CMA 3 also gave rise to a much more conspicuous staining. (Fig. 6C) .
These results suggest that pre-treatment with C-banding makes heterochromatic regions more accessible to the fluorochrome chromomycin or enhances the contrast of the stain, seen mainly in Pimelodus argenteus and P. mysteriosus. The result is additional fluorescent staining, albeit weak, indicating that in these species, these regions have a small amount of GC, when compared with P. maculatus.
The findings presented here are of fundamental importance for the study of the phylogenetic relationships among species of the genus Pimelodus. Moreover, they enhance our understanding of the evolutionary process in this group of fishes and in the family Pimelodidae, since they are the first cytogenetic data reported for the species Pimelodus argenteus and P. mysteriosus, and for fish of the genus Pimelodus from the Paraguai River.
